
UNCLASSIFIED

AD NUMBER

AD837889

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; 01 JUL 1968. Other requests
shall be referred to Department of the
Army, Fort Detrick, MD 21701.

AUTHORITY

SMUFD D/A ltr, 22 Oct 1971

THIS PAGE IS UNCLASSIFIED



TRANSLATION NO. -f&4

DATE: / •-41 19e'"

00

cr3

DDC AVAILABILITY NOTICE

Reproduction of this publication in whole or in part
is prohibited. However, DDC is authorized to
reproduce the publication for United States
Governm..,nt purposes.

AUJ6-a 1969

rhis d STATEN , UNCL

controocument fs ,2 U LASS, _E
gOvernm and Specfal

Onv ?. r derars r,, t. e xportFFrt art•o e roret -S, rFckr edproval r'ls Manrs F,.ede,.i J',rN Technr Oeft Ar~made"ck, hdryl_ _"cal Re' e rmy
and 2170, es 8ranch/ l

DEPARTMENT OF THE ARMY
Fort Detrick

Frederick, Maryland !



F. Henke & 0. Lubaroch (Editors), Hdb. Spez. Path. Anat. u. Histol.,
Vol. 1, Pathology Section, p. 84

Section 13: (From H. Schleussing: Meningitis (vithout the
Anthrax bacillary meningitis- specific forms)

The meningeal inflammation caused by the anthrax bacillus (Bacillus
anthracis) was described by Wagner as early as 1874. A large number of
individual -bservations were seibsequently published and were collected in
1913 by Fulci. Infection usually occurs via the circulation, but the
meninges may also be infected by the lymphatic route or by direct trans-
mission from anthracic foci on the head, the throat and the upper respiratory
and digestive tracts. Pathologic-anatomIcally, nearly all reported cases
are dominated by extensive hemsl extrsvasation in t i menninge. It mast be
emphasized in opposition to reports to the contrary that this involves a
genuine inflammtion and not hemorrhages. The disorder usually localizes
in the region of convexity and thus leads tn the picture of the so-called
red hood. Toxic injuries to the vascular walls must be considered instru-
mental in extensive hemal exudation (F. Kerzos 1915, U.xi 1926 and others).
Aside from hemorrhages by diapedesis, anthracic meningitis is marked also
by necrosis and rupture of the larSer vessels. Although the leucocytes
my be dominated by erythrocytes, lymphocytes and histiocytes in a few cases,
leucocytes vith lobulated nuclei as a rule are present in copious amounts.
The presence of large quantities of anthrax bacilli within the lymphatic
sheaths of vessels has been pointed out from various quarters.
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Vol. II, p. 734

Rarer Form. of Acute and Subacute Lymphadenitia. (From L. Jores)

Fibrinous exudation is frequently seen in pharyngeal diphtheria, in which
leucocytic emigration takes place in the cervical lymph glands and networks of
fibrinous threads are found in the sinuses, follicles and the blood vessels,
the sam, is true of pneumnia. Necrotic foci (e.g. in typhus) my also be
peirated with fibrin. Fibrinous - hssmrrhegic infletions alse occur, mosat
pronounced in the case of anthrax (lymph nodes are considerably enlarged),
vhare the doin tration of massive bacilli usually succeeds; in addition,
they are scan in glanders and plague.
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Vol. ITI, pp. 803-820

(From W. Mohr: Rare Infectious Diseases)

Anthrax, Charbon bacteridien, Splenic-Fever.

Anthrax is an infectious disease with a predominantly septicemic course.
It occurs prinzipolly in plant-patig ammals and swine. Human infections as
a rule develop through contact with diseased animals or animal products.

History Anthrax was known in ancient times as an animal effliction which
occasionally reached epizootic proportions --n' was transmissible to humans.
The anthrax bacillus was first seen by Polleader (1649)in the blood of anthrecic
animals and was cultivated artificially by Robert Koch in 1876. The letter also
observed sporulation for the first time and discovered the epid"mmcloSy of
anthrax based on the high resistance of the sporem.

Etiology: The anthrax b.cillus q. anthracis) Is a non-motile, gran-positive
rod with square ends, 4 - 10 microns long. In the animal organism, the anthrax
4acillus occurs as a single rod and is surro,,;nded by a gelatinous envelope, the
capsule. The question of toxin production by the anthrax bacillus as a cause of
many symptoms of the disease is not clear. The concept of toxin production is
contrasted with the asMumption that capillary emboli due to massive propagation
of anthrax bacilli are the cause of death. Anthrax bacilli die within 2 - 4
days in anaerobic putrefaction of unopened cadavers. The anthrax bacillus sporu-
lates outside the animal organism in the presence of oxygen. Anthrax spores are
extremely resistant. Still, they may be inactivated with hydrochloric acid, *ad
this 9 - 10 times as rapidly as with sulfuric acid. They remain infective for
30 to 40 years in the dry state. The bacillus grows on the customary nutrient
media with thread formation. Reproduction even takes place in the external
world, provided sufficient nutrienLs and humidity are present, especially among
anthrax germs excreted with the feces.

Transmission: Among human beings, infection as a rule emanates from the
external skin. Intestinal anthrax is rare and occurs primarily in uncivilized
countries after consumption of spores with the meat ana milk of anthr',uic
animals. Primary pulmonary anthrax occurs among rag ;ortera (wool-sorter's
disease) and among peoples of the steppes. In the steppes, dried cattle excreta
are used as fuel in the absence of other mat~rials. In blowing on the fire,
anthrax spores contained in the feces are ithaled. For this reason pulmonary
anthrax is found in these regions predominantly among women.

Oral infection is the rule among mammals and birds developing exclusively
throuph the :a;:cy of spores. Since no spores are produced in anthracic
cadavcer, carnivores will infect themselves during the consumption of such
cadavers only when these are no mare than I - 2 days old and the feeding animals
have wounds in the oral cavity, the pharynx or the esophagus. On the other hand,
spores are ingested by herbivores on the meadows along with their fodder. For
this reason anthrax infections occur asseutially among herbivores. They are
mostalt nrecain amng cattle and nheep. Thus, anthrax amlng herbivores di not s
costact inrection, but a ground Infection. oTcastonally, blood-makinv insectsI



-y contribute to the dissemination of anthrax.

Incidence: Anthrax has a world-wide distribution. In Europe with the
exception of East and South-East Europe it is far rarer due to legally enforced
controls. The high resistance and prolonged viability of anthrax spores impedes
the eradicaticn of this disease even in Europe. Moreover, additLonal infectioas
are caused by importation of animal products from tountrie• u-ith a high incidence
of anthrax. According to a compilation by Muasseeeir, the teating of dry hides
by Ascoli's method up to the year 1929 uncovered 79 (4%) positive hides among
1,952 from China, 59 (0.4%) among 12,533 from India, 231 (1.2%) of 18,705 from
Argentina, 126 (2.1t) of 5,900 from Uruguay, 6 (2%) of 300 from Sanegal, 69
(1.3%) of 5,152 from Moubassa and 55 (1.3%) positive hides among 4,100 from
Abessinien just to mention the moat important import countries. The role plAyed
by anthrax in some corntries is reflected in the repoit by Delpy and Kaweh, who
state that more than one (1) million sheep died of anthrax in Iran during 1944/
45. In Germany, cemtion of foreign imports during the first world war led to
a considerable abatement of ant-r.sx cases. A renewed rise was noted from 1918
to 1930, especially in Schleswig-Holstein, which occupies the first place in the
incidence of anthrax in Germany. This is due to the large tanneries located
here, which process foreign hides. Since 1932 the number of anthrax infections
decreased and reached a low of 0 during the last world war, followed by a renewed
rise to 10 in 1949. Still, this number is quite small compared to 408 cases
among cattle and 1,014 among hogs in 1914. Until 1930, the river Stoer, on
which Neenatzer, the principal North German leather processing canter, is
located, absorbed the wastes from tanneries without filtration. Th number of
animals lost due to anthrax decreased considerably upon the installation of a

pur ification plant for tannery sewage in 1930.

Generally speaking, the conditions for the persistence of contamination on
meadows and pastures are not fivorable in German's climate, but anthrax may
become endemic even here on moist terrains since the spores survive for the
longest time on grounds that are moist or exposed to occasional floods.

Us-Jelly anthrax represents an imported infection and the chain of contagion
is ass-med to proceed according to the following pattern.

lafsct-ve chain o t)he anthrax bacillus sccordir4g to Graf:

Foreign pasture
Foreign ' cattle

------------------- I
Shepherds ,

------------------------ Taunory Sewage
Transport Workers L
--------------------- Native :sture
Tannersa

,--- - ative ttle
Furriers, etc. , - f
-------------. -------. Farmers Butchers

-------.Direct transmission
Indirect transmission

2.



inthrax in animals: Among ruminants and horses, anthrax usually occurs
septicemiLally. The infection at time has a peracute course, but usually it
is acute or subacuts. Initially, greac agitation sets in, accmpanied by high
fever. Comsumption of fodder ceases. Hemorrhages from the intestine, the
nose and mouth, as well as sanguinolent urine are frequently observed. The
duration of disease is 1 - 3 days on the average. A chronic course lends to
death in 2 - 3 months vxah severe emaciation. The abortive form frequently
ends in recovery. The worst conepicuous anatomical changes in acute cases are
incomplete rigor mortis, serous exudates and hemorrhages in all organs. The
lymph nodes and, especially, the spleen are swollen. The splenic pulp is dark
red and has a mushy consistency. The liver, kidneys and breast muscle are
degenerated.

The pig usually mcquires a local infection of the paary'nx and the regional
lymph node (mnthr- -. c angina) which has a be-nign '-oure. It !. frequently
found in apparen-.ly healthy swine proceses in slaughter houses.

Heuman Anthrax: In Germany, this disease afflicts very definite occupational
groups, according to Gral's compilation in the following sequence in decreasing
frequency:

1. Stevedores
2. Tanners
3. Man and women in industries processing fur, hair, and wool, such as

brush factories, b.-cse hair, and thread spinning mills, wool combing establish-
ments as well as enerprine8 processing rags.

Infections from finished products of animal origin, such as shaving brushes,
brushes and wool clothing are rare.

4. Aimaml husbandmen
5. Butchers
6. Veterinarians

The mortailty of group 1 amounted to 38.77. among 150 cases reported during
1910 - 1923, contrasted with a death rate of 13.47 of 476 cases among tanners.
roups 1 - 3 almost invariably contract sporal infections, whereas groups 4 - 6
:-ually reveal bacillary infections.

Thus, KUmb;z-g with a-• average of 6.5 cases per one (1) million inhabitants,
together with the 'istrict of Luneburg with 5.8 and Schleswig with 4.8 had the
highest incidence compared to an average of 1.6 cases in the remaining parts of
Germany. The situation gains in clarity with the statistics of the Guild of
Leather Workers for the years 1910 - 1925, as reported by Graf. According to
these data, cases of human anthrax originated in

Trade and transportation 147 time with 57 deaths a 39%
Tanneries 550 time with 73 deaths * 13%
Dealings with hair and its prncessing 350 times with 103 deaths a 29.
Agriculture and slaughtering 1,060 tim. with 106 death& a 10%

On the average 2,107 time with 339 deaths a 16%

3.



During the war of 1940 - 1945, the incidence of anthrax In transportation
and tanning approached zero (Graf). There were no cases durirg 1943 - 1947,
the next two were reported in 1948.

Table I

The disease tm iac•-ad Rbr so, ýr.h 7a-te durivn
dhe diseasengs 1910-1929 1930-1937 1938
due to dealings Total Per Year Tetal Per year Per La

With living animals 31 2 13 2 9

With emmrg ny slaughter 1,120 56 363 45 39
With expired animals 262 13 55 7 2
With animal nair or bristle 214 11 i7 8 7
With hides or tur 896 45 141 18 24
Of other physical nature 51 3 32 4 3
Of non ;.cfesaional type or

without statement of iurLose 286 14 53 7 4

Total 2,860 14• 724 91 88

This correlation witb certain occupations is also reflected with exceptional
clarity in the precedin, Table 1 of the National Public Health Service for the
years 1910 - 1930.

Valuable informmtion is gleaned also frm a compilation of the locations
at which 946 infectlone occurred during 1906 - 1948. Work in the storehouses
of tanneries was responsible for 159 cases with 24 fatal issues, occupation in
water treatment shops caused 312 cases with 27 fatalities and work in lime
treatment shnpa, 218 cases, of which 26 died.

These involved predominantly cutaneous anthrax. The Infecting spores enter
the organism through the skin, which usually is injured.

Nue to the affinity of this infection for certain occupations, it is found
_-wg asn at a rate exceeding 901. Thus there was only ome oman among eleven

cases of cutaneous anthrax observed at the Tropical Disease Hospital during 1931-
1939. Eight of these 10 men were employed in the harbor as transport or store-
housm warkarm.. 7% aun+-a•v cars trentad at h_ RAm•bu_-r TvIcfeml Tnai-itut. afna

1949 involved stevedores (3 cases) who ualpaded pelts from Cast Asia and Turkey,
and nearly as frequently ma=e (4) and female (6) workers of a wool carding plant
who processed woolen material, primarily Soat hair, usually from Australia and
South Africa.

Pathological Anattmy: A carbuncle develops at the site at which anthrax
bacilli enter the skin or muoous mea*rane. It shows a central-nsurotic eschar
with surrounding coarse tissue infiltration. Copious cells permeate the
-onnective tiss=m in this regieon f-equently even hemal extrgvasates and deposits
-) fibrin. The eschar ccnsists of necrotic skin tissue aud destroyed epithelial
cells. Anthrax bacilli contained therein usually have died or are demonstrable
only in small numbers; however, there are copious pyoganic bacteria, predami-
nantly streptococci. Viable bacteria are found principally in the edematously
saturated surrounding= of rhm carbuncle.

4.



Anthrax edems also develops in the region where bacilli taive penetrted
the skin. The result is a cellulsr-serous saturation of the skin and the sub-
cutanemus connective tissue. In some cases these infiltrates may be sanguino-
lent, and gangrene may develop in eircumscribed places.

Pulmonary anthrax, whose pathologic-anatomical 1-siono were studied i,
detail by Ippinger, .requently reveals hemorrhagic infiltrates and pustules
in the nasal mucous membrane. The diffusely erythematous laryngeal mucous
mi.brane also shows such changes. The lungs are severely hyperenic. The
Initially lobular pneumonic infiltrates have a tendency to confluence and the
formation of lobar infiltrates. In addition, there may be sanguineous infarcts
and occasioWal frankly gangrenous foci. Very often the pulmonary disorder LI
accompanied by exudative pleuritis. The trunk bronchi occacionally show the
development of anthracic, fibrinous psaudammbranes (S. Fraedmkl and Keys).
The bronchial glands are always highly swollen, hyperemic and permatad with
hemorrhages. Consequently they way at times appear to be dark red, almost
black.

The spleen is soft, rich in blood and usually enlarged. .here is a
certain divergence here free findings in animals, whose organ, although
enlarged, is very brittle and reddish-black (on whdch circumstances the
designation "splenic fever" is based).

The kidneys are filled with blood and show partial epithelial degeneration.
The observation that the glmornlar vessels are very frequently filled with
bacilli, sems significant.

The brain and the mninges are edematous and hyperemic. Memorrhages of
varying size are not at all rare. These joy also be tramaford into foci of
softening.

Nearly all cases of internal anthrax and anthracic sepsis reveal such
changes. At times, such a hemorrhage my encompass the brain in the form of
a hood.

Similarly to the cutaneous lesions, circumz:ript, carbuncular infiltrations
or flower bed-like elevation are found in cases of intestinal anthrax, rarely
in the stomach, more often in the duodaeum most fres.tntly In -. e =!!intest-
ine and colon, seldom in the rectum (in contrast to amebic dysentery). These
consist of srous-purulent infiltrations in the sabmucoae. The mucous membrane
above such infiltrates undergoes a gradual stretching process endinp in ulcer-
ation. The surroundings of these ulcers is gelatinous. The member of foci in
the intestinal mucous membrane may be considerable, 40 or more. The mucous
membrane between these points usually is quite red and slightly gelatinous.
More profuse hemorrhages may occur In the onward course of the disease. Alimst
invariably the infection matastasizes to the mesenteric lymph glands, at Lims
to the retroperitonsal ones which then in turn swell and reveal heavy cellular
ifiltration, frequently marked by a dark red appearance due to hemorrhages.



Clinic *Ad course: Toms huwa forms are recog~aiamsdz

1. cuaeu "astkx. 957 of aii cames,
2. Antbracic odame, %Okick uomily follow c*tmems anthrax,
3. Ni~omasry on bax (,unel-aertr's, disease),
4. Anthrax of thft 9pstroiZta*tia~l Lract.

Table 2 reprodusced bovsm after Graf of faer a perspectivs em the distribution
of the individual disease forms anon U2 caset' reperte- i GLu bm-y during 1931-
1933.

Table 2

so" 124 13 10.5
Threat and sock 95 26 26.5
Arm 419 22 S.3

A1 2 3 U-3

Toal"2 81 11.9

1.Cteaus axtra. lmnw~atian tim. Aboa 2 -3 days after infection,
ver raalyafer oly a fev he a, areddish amea Abou the aas* of peiny

appearn cstuiss ia its center a slightly raised spot resealia a fleabie
TIe la~tt.- changes to a small papals, rAn vary sems reveals a bluish-black, hard
center. Am initial state of infectioen rarely cams under medical abservatian;
this uamily ocurs after fecutieof doth carbiuncl. Th ptlmwy foam is
found predominantly in early accessible regissi of the ddu, mA as the husds
arus, or the face. In most causes t~r is only am focus, but several my also
appear. In that @as* it izenniably izvolves mato- Lafectiajo. After 12 to 15
bows, hsevy adomae and ewalling opps aremi the paples. I% paple ehbmag
Lato a vesicle with a yellowish ur a~ugim and purulent crtn. Th drying
vesicle or scratching on the part of the patitent Ioad" to the furnstim of a
dark b~lah-rod a= black sackar s&ichb expends in depth and wi~th. Tegather with
tha demamly InfiJltrated surrouning, it fez* a smum asde, the cenbuwlo. Ra
vlsicas ma ermpt on the sidim of the machor. So asche rapdl~y turns black,
dry and wry Urn. ("ar& as ah leatimer)a it c~sitia to La isAP widh
depth, an extensive edoos my met in 1. the psimity, dLsfLgming the affected
pert. Proceding fron the carbunle, JzflOymnes; lead at -n early
satgs alon the lymph vessnels to the regioaml lymp mises. item my he very
painful in &matrs to the ciarbmls mhLth samily is Vainless end iuinusititw.
Jamzdw, La a rapeert of 10 canes from in region of Arles (somhars Frame)
pointed ou in 1947 thet only tv of these obmaiw a typical poatula =ILigne
wanezma A parame revealed b~errhaaic, vesile* that devaloped -n escher after
a few days. This =s genra~lly followd by the developmet of a~deditam
vosiclan, nearly alims" with very proMcOd lymphongitig. bf notd a mixed

iafoýtUon with tatanuo bacilli, La v&irh tM' anthracic diawder ma cured by
oarm tre~tazt, whaile the texamas Isfet ion roininod intractables and led to



The end of the first week of illness or the second week brings suppurative
demarcation around the necrotic tissue. At the same time the edema retracts,
the eschar softens and loosens, the lymphatic Inflamation abates. A granulating
surface remains, which later turns to a scAr.

The -Atole roceeas is zccompanied by early appearance of such Seneral
symptoms as fever, exhaustion, and inappetence. Severe cases Jay involve itens i-
fled manifestationis on the first few days, includ4 pain in the Uead and limbs,
septic temperatures and circulatory insufficiency. The situation maybe rendered
m3-e difficult by sanguineous vomiting and bloody diarrhea, profuse sweating,
cyanosis, collapse temperature and tessation of intestinal secretion (similtr to
asphyctic cholera). In most cases death occurs at the end of the first week or
the beginning of the second.

It is obvious from the preceding discuisiou that the location-of the pustula
maligna is of great importance to the total ,cours Of thbe ittiu 'araf adm
not find a single fatality among patients with pustules -on the traiik'ad on the
limbs. Of 2n cases with carbuncle localination on the foreheAs" and eyes,
I terminated in death; there were 15 fatalities SMg 55 of U'hi ptents with
lesions in the face or on the shaved throat.- The zemvAl Oftle 'fatty layer
that under normal conditions protects the skin, 9nd. the frequeat d • a of
small cutaneous defects due to *having certainly play an important role in the
infecting process. Graf found 29 patients with pustules on the throat, of whom
12 died.

2. Anthrax edema is situated preAmInantly on the face and in the xucous
membrenes. The swelling is doughy, soft and translucent with a light red to
da*red or even .e.mic appearence. The skin, partially smooth and partially
areolate, frequently is marked by vesicles that may burst and dry into scabs.
In that case there is no divergence from the carbuncle. A strict differentiation
of these two initial forms is impossible in many cases. Accarding to earlier
authors, the pr-ocess of edema usually is re severe and unfavoriable prognos-
tF.:.y. 7eca2ýt,-,atzpn in the mouth or in the region of the ýpper respiratory
tract in -articularly &tnge-ous, since there is a possibility of interference
wit!-, breat'n5.4 and wimllowing, as well as the dagger of an ascending infection.

Xve-n menir&g'•:ic condlitiots are seen occasionally. These cases are relatively
rare, i-m'eyvnr; ,•.y l h&,d been listed in the world literature until 1947.
Since then, tt-'ze additional cases were reported by Claisse and Pastel,
Shanaha-, GrifffIn and V. Auersperg, as well as by Aek. Claisse and Pestel's
case involved a 45-year-old dock worker who had unloaded goat skins from Yugo-
slavia and who s'ortly thereafter developed a furunculoid ulcer in the neck,
which .nomi-ved ummoticed for some time. A severe comatous situation developed
within 28 hmurs, leadif•g to death with the appearance of mnmrous petechial
-hemorrhages on the w1ole trunk. Copious anthrax germs were demonstrated in
the liquor preparation and in the culture.

Shanaham, Griffin, and V. Auersperg observed a vesicular eruption on the
upper lip of a 57-year-old cotton picker. Culture of the vesicular content
yielded anthrax bacilli. A meningitic condition developed as early as the
second duy of illness. Anthrax pathogens were found also in the liquor culture.
The patient was saved by treatment comnecing the second day, consisting of

7.



large doves of penicillin (110,000 on the second day,1 4,400,000 an the third,
partly intrathecally) and anthrax serma as wall as wulfediaciu.

The last case, described b; Xck in 1949, involved a 1-year-Old girl who
seddenly became ill with a clinically mysteious symtomatoloy. Isetion. re-
veale hemorrhagic leptamoningitis caused by anthrax bacilli. The patbogma
orig' nted in the atuf f is of a toy dAn with which the ubjidhbad played. So
cutamems pustule was demonstrated isk this case.

3. Pulsmnary anthrax (wool-sorter' s disease) usuially comises suddenly
with riger and few=,. The gmaral afesaut-Lons anatimAs above qpsa ealy
and mce accompanied by sympt of the respiratory passgaas, such as dipimas
arythema and swelling of the nasal, pharyngeal and laryngeal natcaus XW~iran.
This disorder is nearly always acquired by aspiration of spure-cemtainift dust,
as durriug the sort~ig of wastes an rags or in wool cardixg mills (much a cs
was recently observed is Kadorg). TMo initial picture of breachiftis me
fell- at bry advamiug dyspsea and deve loped inte a pusaoic. iafI~tr&t with
famm-sauguiasoca, expecterat ion. Pleuritic exudate frequently is asMddtioal
factor. JacilLi are demonstrable in the spatun. Death eccurs en the lad or
3rd days spoataeomms cures are very rare. According to a comilA.Lm by lemmul,
there ware 106 fatalities; soog 113 cases of pulmonary and intestinal anthrax.

4. Anthrax of the gastra-intestinel tract *Paovs the gemeral symptais
listed above combined with violent vami~t Lg oft_... with sanguineous admixtures,
diarrhea vwh purely watery-serous stooaas, occasionally even streaked with
blood. This infection is contracted by consumption of contaminated Mat or
milk. Uhile the bacilli are inactivated'in the acid gastric Juice, the spores
ramrin viable and germinate in the small intestine. They subsequently lead to
multiple carbuncles of the zmwco us rans endsA septic spleen. The abdomn is
very sensitive to pressure and shown umateoristic distension at an early stage.
The violent course is usually foillowd by death on the 2nd or 3rd day, offering
the appearance of peritonitic or toxic collapse. MGore benign cases are observed
among larger groups of people partaking of infected food. The p 3,gnosis of
intestinal anthrax generally is no more unfavorable then that of the _cutansous

1A~ce.

The~ individual uictqres cannot always be differentiated with such clarity
according to t~heir primary localization. Primary anthrax of the internal organs
may produce cutaneous mta~stases. Pulmonary anthrax may lead to intestinal
manifestations. Sacon4ary intestinal infections may also develop by transport
of bacilli from a carbuncle. The various localizations all share the gzmarz'
manifestat ions of severe infection, those of anthracic msepsis. These septic
signs are quite rarely observed without a distinct primry localization. This
probably involves the acquisition of the pathager through the lungs or the
upper air passages.

Diagnosis. The diagnosis of cutaneous anthrax usually is %uite uzconvIL-
"ated. It is readily delineated mamaist the simple carbuncle, which is very
painful and slaver in developing, and wh .h later discharges copious pus froo
several cutanevus openings. Cituderous nodes can he differentiated from
an-thrax by itz var7 u~roa. cutarzous nodules and ulcers. Compared to arysipelas,
anthrax edema doss not show as distinct a deline-ýtion against healthy skin.



Confusion with erysipelas is possible especially in the region of the eyelida,
largely in the came of anthrax edema. Bacteriological examination is an indis-
pensable aid in the confirmation of anthrax and mast be resertod to in awry
case. Often the eumination of the secretion taken from the focus of infection
suffices for microscopic identification, at times anthrax bacilli axe present
in very small numbers or mixed with other bacteria, necessitating an animal
test or a culture. When the suspected material is instilled subcutaneously in
mice or guinea pigs, the anthrax bacilli multiply at an extraordinary rate and
induce fatal sepsis. They are then readily dem•onstrable in the blood. Cultural
studies are made on agar surface cultures (colonies resembling Medusa'i head)
and gelatin plates.

The identification of anthrax of the gastro-intestinal trant is more
difficult. The anmmsis may offer important clues, If consumption of the
meat of anthracic animals has been admitted.

Pulmonary anthrax may initially be confused with croupous pneumonia. In
such cases the examination of sputum and cspecially, of blood cultures, offers
important informetion. Blood cultures are best grown on dextrose broth or
dextrose agar. In the case of massive bacillary invasion of the blood, as seen
in the last staes of the disease, the pathogen becams visible on blood slides.
Staeubli tested a direct method of demonstration by drawing a fresh drop of
blood from an injection point, 4iluting it with a 10 - 15-fold awuunt of 3"
acetic acid, centrifuging the amxture, and then staining the sediment, consist-
ing of leucocytic. nuclei and pathogens, with Nay-Grusmald. The liquor mmy
also contain large amounts of anthrax bacilli. In addition, anthrax bacilli
may be demonstrated in the bone marrow.

In addition to bacterioncopic and cultural tests and ths animal exp vznmnt,
veterinary medicine makes use of the thermoprecipitation after Ascoli. The
suspected material (blood or splenic juice) is diluted with physiological
saline. The mixture is then boiled for a few minutes and filtered. The cus-
toary specific anthrax serum in added to the cooled clear filtrate.

Frognoein, Cutaneous anthrax has the most favorable prognosis. Ninety
percent of all cases are restored to health occasionally without any kind of
treatment. A case of external anthrax that is recen-ized =d trzated aarly,
is nearly always curable. The prognosis deteriorates upon the appearance of
gpnera1 infective manifestations. Anthracic adem is gentially considered to
be less favorable prognostically than the carbuncle. Vven intestional anthrax
may be cured, but the danger of general infection is greater here. Pulmonary
anthrax justifies the most inauspicious prognosis. The rate of fatal termi-
nations lies between 50 and 87%, according to somw authors even near 1007.
Slood cultures figure conspicuously in the evaluation of the prognosis in them
last two forms: If numerous colonies grow out the proosis is very doubtful;
if only a few appear, a favorable outcome amy still be hoped for. Recovery
usually produces a prolonged immunity.

Therapy. Surgical treatment of anthrax pustules has fallen into general
disrepute; considering the experience gained during the past years, it may
now be considered a virtual blunder. Conservative therapy of the anthrax
carbuncle occupies the foreground, being based on the assumption that carbuncle
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formation represeats a defensive masue os the part of the organism wkick
appears wnly in are resistant individuals and therefore permits a mr favor.
able progusais than a diffusely cinmancing symptuestolegy. Scohll, vho cow-
pared surgical and conservative approaches, found 44% fatalities conncted with
thai former, and 7% with the latter. Treatment will therefore be limited to
Cleansing of the pustule'sa surrounding*, immobilizatien and elevation of the
affected limb in the event the pustules are located an the arm or the log, and
protectiam of the pustules withk a salve dressing, e.g. penicillin or sultan-
side aalva.

Xocal application of heat in the fern of shartuves, irradiation with heat-
giving lamps and catalaam is also being recamanded. 3Auch hypermi~satea is
expected to exert a salutary influence an tose healing process.* Gruber sad
Put taki observed mnthrecocidal substances in the obstructed lymph of rabbits.
This amems to suggest occasional employment of Binr's as ted in humn medicine,
whehn the affection is lscalisod in a suitable area. This imthed of blockale
was also recommnded by Zuelurl it wy conceivably ivmpee the dissemination
Gf bacilli via the lymph passages.

Umaver0, it most Uo re-mImrord in, connection with all wtbods of treating
catamous anthrax, that thenmb~er of spiauteansos cures is mey larg, sand tkat
the therapeLi c value of these uothods must set be orwarrated..

YA3 dii fereant resedies have beem utilized in the treabmuxt of anthrax.
Thus, *lockr recommeded a single dose of 0.6 amsealvarsan. Gilbert (10-.thern
Rhodesia) also treated 0 patients with woslvarsan, 7 of whin show.' %ark-
able improvemnat after one injection, although 2 required la~rge dosa.t s.
SkeLarl confirmd this success in 5 cames. Spencer suc~cessfully employed
anno~mie Preparation in4 tie treetumt of a group infectiosn caused by consumpt ion
of mmat from a daisaxod animal. So rhe other band, Graf considers ianngenat
with silver and arsenic preparatiw'a to be inefficacious an the basis of his
extensive experiewnc (lauemn Wad recmmnded agroebrom).

Tha introduction. of aerum therapy brought a very considerable therapeutic
advwwe, carrieid out in hibmn madicium in the form of passiva immuixation
according to Scalvo's e uthosd, Awin 1903 reported amthe first 164 cases
successfully tresatd with serum. The employment of cnis mothos, lowered the
.wuu-"&.ILy itein 24-4 i:9 617'. A report from Xmgiand involvixg A0N cases claims
a drop in the death rate fie 45.31 to 41. In Argentina, Pease observed a
mortality of 101 with serum therapy; Andrew, in Wpulgna, em of 4.2* contrast-
ad with 251 prior to sarrum therapy.

It is imprative that t retrxt Ue cinnced as early &an possible. Nigh
init-.al dosages of 50 - 500 c- aea r~ecommnded. Application generally may be
istrsoculgar. Advaacad cases requiring rapid efficacy my be treated intra-
venously (Cxicka-li aznd others).

Teseries is obtained from horses, cat t.e, sheep, deskays, and mules.
xvims serx offers the advantage of causing serum disease lesa frequently
than eqizim serum. Serum is produced by various methods, but no important
difference in the efficacy of this several nothmda in evident. Ancordims U6,
Sabernheim, the oar=i produced by Merck and the Esechsatr Farbuorks is generally
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used In Germany. The nature of serum activity is not clear. Although various
antibodies have been damonstrated in high quality sara, several authors do not
credit then with a decisive role in the activity of the serum. This is usually
attributed to the anti-Lnfectious sere. llomver, It has no bactericidal or
phagocycosia-promoting substances. Petterson assumes that negative-chemotacti-
cally active substances are formed during infection, whose inhibitory effect
neutralized the antibodies contained in t:e imune serum and thus clear* the
path for phagocytosls.

Combined therapy has also been tired. Hfgesmn used serm In conjution
with a neosalvarsan preparation and Bierbams had priewiously aided salvarsan to
serum therapy. The investigators claimed very good results for such mixed
treatment, provided it is dispensed early.

There also has been sone opposition to serum therapy. Thus, Roggeri does
not believe this treatment influenced his 362 anthrax cases decisively. The
sam tendency seems evident in the results of experimental work done by
McCullough and V. Auersperg in 1947. The writers infected mice, guinea pigs

* and rabbits with an anthrax broth culture and truated then with penicillin and
anthrax serum. While penicillin was able to protect the animlas, the antiserum
proved useless and was found to be toxic in blank tests. Schmidt (Marburg)
also rejects serum therapy, since in his opinion the protein-containing capsule
formed by the pathogen in the human organism prevents hhe activity of instilled
antibodies. Autohemotherapy has also been described as successful. Irb
performned hemal blockage after Leeman with peripheral injection of the carbu=-rz.

Sulfonamides have also been used in anthrax and proved to have saw efficacy.
J. Dot-rffel was the first to successfully resort to sulfamamides in the form of
Prontosil rubrum in the treatment of anthrax. Xe was follmmd in 1941 by
Bergmmni with a report on 2 cases. In Hungary, Feremci published a detailed
account of successful therapy with para-amidobeaol sulfaide (Deseptyl). The
preparation was dispensed per os and as an injection. V. Breda and 1qy achieved
good results with 2 - p - aninobensolsulfa•tido - 4 - methylthiazol in 11 cases
of cutaneous anthrax. Their patients included four who had previously undergone
ineffectual serum therapy and had reached a very serious condition. Schoenfeld
and KI-ig, on the other hand, warn against unduly high dosages of this drug due
to the danger of venal damage (crystallizition L- the venal canaliculi) and
neuritides. Recently, the compound sulfadiasLne (Pyrimal and Debenal in the
Ceram nomenclature) has been successfully introduced into anthrax therapy,
especially in America. The reports of Lebrun, Shanahan, Griffin, and V.
Auersperg, as wall as Reilly and lesson, concerning treatment with oulfonsaides
and other measures, predominantly penicillin, are also quite favorable.

A predecessor of contemporary antibiotic therapy was the treatment with
pyocyamse, based on the research of Freudenreich, Inmerich, and Lo(w, Gumdal
and others. FavreuLl and Fortiau were able to cure 68 out of 69 cases of anthrax.

One year after the discovery of penicillin, Fleoing demonstrated an effect
of this remedy on anthrax pathogens. Later Investigations by Abraham, Chain,
et al. coufirmed these observations and determined moreover that there are
anthrax strains extraordinarily sensitive to penicillin. In 1944, Murphy,
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La locetta and Lockwood were the first to describe favorable result. iu turn
treatment of human@. This was followed by reports free Ilingeona, lookwalter,
and Rawm, who cured 25 patients with 1 - 400,000 units, but who pointed out a
phenowmnm later confirmed by us and others, namely, that carbuncles continue
to develop for saw time despite the destruction of the pathogens. Griffin and
co-workers still combined with sulfonamides in the treatment of 10 p tients
(100,000 - 300,000 units every 3 hours, up to a total dosage of 13,000,000 on
the average), 17 additional cases were treated solely with the antt.biotic.
They recommend large dosages because they found that certain strains of anthrax
are relatively insensitive to penicillin.

The therapeutic approach in penicillin therapy is variable. A few writers,
e.g. Stott (I case), Lalocetta (36 cams), Weinstein and Oliver (3 cases) dis-
pense the drug only inteaminscularly. Abraham injected a total of 600,000 units
into the authracic focus. Videla and Scodeller instilled 40,000 units around
the pustule and 60,000 under tie pustule. Wekinstein, together with lrrns,
still recommnded infiltration therapy alone an late ax 1945. Additional
favorable results with Intramuscular treatiment, partly with combimned managament,
are reported by Brunner, xitchell-flrgge, Reque, Noguar-)bra. Grumuisger uses
local compreosses with penicillin and stIuutansoualy prescribes intrareuwus dri2
therapy with daily donses of 100,000 - 200,000 units, for a total treatment with
500,00 - 800,000 units. lelmor, who, dispenems 20,000 - 0~,000 units every'y3
hours, recoomnds a blood culture is awery severe eaa, and, upmn a positive
dsmmostratjion as mall as in all cames of pubwonary and intestinal anthrax, can-
tionation of penicillin in desagee of 200,000 -*300,000 units until the blood
cultures become negative.

Reilly anid Imeeso treated 4 cases with comination therapy using 300,000
units and 6 gree salfadiazniu daily for 5 days. One patient wos successfully
managed with 2 prmes streptamycin dAfily. Lebrun succeeded in saying a cse
with a vowination of penicillin and sulfonsaide which had advanced from a
pustule malignas on the upper lip to tkrumbopblobitis. Shamahan's success in
the , 1ined treatsmnt of anthIrar aingitis has already beenm pointed out.

Despite the positive evaluation of penicillin therapy, certain factors
must nevertheless be made clear: 1. Tie development of the pustular stage is
not altered as already pointed aut. Although further dissemination io prevented
(Illinamon and co-workers, Gold, Y)bx~ and others). 2. The positive demon-
stration my, in som cases, outlast the begiznin~g of the clinical recovery
(Gold). Mohr noted this particularly in cniction with thoen anthrax strains
that grew with a miarked hlytic zone an blood agar plates. Mann points out
the necessity for constant bacteriological surveillance due to the eircummtanca
thhut anthrax bacilli occasionally produce ponicillinase, rendering the results
questionable. Gene'rally speaking, the bacilli are no longer culturally demon-
strable within 24 hours, as determined by 1llingson and co-viarkers in 25 cases
(they dispensed 1 - 4 million units intramuscularly In mos cases, locally in
others).

Penicillin therapy is not wholly accepted by Robert, who attributes only
secondary importance to it and gives pro-eminence to biological mathods of
treatment.
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Personal experience with a total of 13 case has led us to adopt a cmbined
therapy resemblng that of VArchtaonii. We inject 200,000 units around amd
under the focus on the first day of treatment; if the focus appears eli4amt,
this process is repeated ea the 2%d day, under unusual conditions even n the
3rd. In addition, we prescribe 300,000 - 400,000 units of penicillin suspension
intramuscularly over 6 or a msximm of 7 days. kfter 2 days of treatment in
this mnmr, the pathogen is no lone demonstrable ia the wound sacretion. We
saw two exceptions in the cam of hoolytic strains that vere shown culturally
on the 3rd and 4th day of treatuent, respectively, although native preparations
were negative. Serum ves instilled only in oa particularly serious case.

AA an example of the efficacy of penicillin therapy in such a serious con-
dition, the folloving clinical record is reproduced in abbreviated form.

A. Z., a 53-year-old ina in good general health. iployed as stevedee in
the harbor, occupied with the unloading of skins aeveral days ago. loticed a
mall spot on thLe leoft upper arm since 2 - 3 days ago. A pustule appeared,
followed by a scab. On the day of admission to the hospital, the pustuls had
been slightly forced for the purpose of obtaining the secretion, and the scab
had been removed. At the tim of admission, the lesion presented as in Fig. 3.
Treatment was idiately cimnnced by subpustular injection of 200,000 units
and instillation of 300,000 units of penicillin suspension. Nevertheless,
rigor set in during the evening, the smlling on the arm increased during the
night, the temperature rose and the clinical picture took en an extromly
septic aspect.

Under these conditions penicillin dosage was increased and the antibiotic
wa injected L3 doses of 50,000 units evary 2 bhors. In addition, the patient
received 20 .c serum. This condition improved rapidly under regular penicillin
treatment every 2 - 3 hours and daily dosages of 600,000 to 800,000 unIts, even
though the local lesion behaved as indicated and restitution was quite slow.

The strain was frankly hamulytic and vaz ds;..,ejtable in the culture up to
the 3rd day of illness in spite of vary intease treatment.

It must be emphasized in a critical evaluation of this case in particular,
that the temperature elevation continumd and the situation wsrsened despite
local and intramuscular application of penraillin. This circumstance am*= to
indicate that serum therapy should not be abandowed entirely, notwithstanding
the negative results of animl experimints by MCullough and V. Amarsperg, and
that it should be resorted to in serious cases as before. On sxuh occasions,
40 and 50 c 3 srun my be dispensed without hesitation for 2 or 3 days. It is
recmnded, in this connection, to instil part of the "Iju intravenously, sy
20. c= 3 intravenously and 30 cm3 intramuscularly on the first day, the sam
doAage or a reduced one on the zacond day, 1. a. about 10 cm3 intravenously and
20 cP intramuscularly, while the dose on the 3rd day would conform to the
situation, being either unchanged or reduced farther. A second factor should
be pointed out: Jeservations have been voiced from various quarters regsding
local application of penicillin in the form of infiltration. The aforementioned
case, especially, compelled us to subject our opinion concerning peripustular
and subpustular injection to a certain revision, so that we proceed more
cautiouzly An the case of localization in the face, especially the eyelidL,
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cheeks end chin, while local application is rotaimd in cnections with all
other localisations. Care shit be taken meet to upset the mimmi conditions Of
Iemmi saturation by exlcessive fluid infiltration, slam otherwise the peal.
cillin injected intrwamoculerly, Adhch is transported by the circulation, will
not reach its destination.

The most recent American imethods of anthrax therapy dispense with seru
and make exclusive us of penicillin (lmestr). They,-ensider a daily intra-
muscular do"e of 100,000 - 200,000 ueits .Adficient and prescribe It fer 3 - 7
days, depending on the patient'sa reaction.

This type of therepy makes exLensive local measures umcpssry. A pro-
tective dressing with penicillin salve or, *eforably a peani4llia-saturated
compress, toemtbar with strict immbilization of the effected limb, is quite
satisfactory. It is under stood that the anthracic patient must -obserf strict
bedrest during the first few days.

In the caoe of pulmonary eanttrax: an intestinal anthram, as well as anthracic
sepsis, the employment of penicillia. srum and, if necessary, sulfeinmide can
btuetimms, is naturally indicated in urde to preven A" otherwise wadi be
disaster.

Pro0phyLELis. ~MAM infect iGUN LuvrIAbly are truced back toe Infected
animal products. For this reaso, prevuntiom consists essentially of the con-
trol of anthrax amng animals. Wei is curried- out is aU civilized counatries
on a legal basis. Anthrax ise reportable. The principal task is to Identify
all animals that hase been Infected with anthrax or has. died of the disease,
axi to sliminsto them. together with their ezgretisu. The gdVarnmet theref ore
acpeusates few all animal leaves due to amehrax, wve In camns where the
epor was overdue. In porauately developing cases the @wnar does wit evan

have a chaince to report the infection in timm. Attemts to cure anthracic
animals my be undertaken only by veterinarians. Stalls of diseased And affect-
ed animals mist be isolated and subjected to intense disinfaction at dafs.
Cadavers must he transpoted to amalam ptocasIng plntis in tighly closed
vehicles. Dissection and skinnin- outside flaying establishmnts is prohibited.
Cadavers meat be eliminated by burning or by technical procesing. The latter
to accomlished by boiling until the soft perts disintegrate or by dry diz-
tillation. In garmany, the burial of anthracic cadave:rs is forbidden. Sintie
ame ~letep harmless alLminatim of anthacie eadavars is difficult in univil-
1usd cauxries and, especially, in the stappas, this explains the high preval-
enceof antkram: in these countries. losses in livesteck an heae prevented by
imaniseztiom with attenuated anthrax bacilli owr l spoes vwidh afford* positive

protection fur an yAr. 'In mamy parts of South Amarica, Africa an Asia*
profiLt&ab amiml husbandry would be impossible without th im mal. vaccination

A Ir of erdinances have boem issued to preown the importation of
anthra bacilli in foreiga animal vrodwts. Met and ba awl must be steri,*i
limed prior to impartation. Imported samim hairs and bristles maut be disin-
fected by stma with additien of 10% fairmldehyde; wol by washing in soapy
waeter at 39 -430C and sub seqmuen seeking in 2% formaldehyde or f lowing steam
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at 0.15 atmospheric pressure. Sterilization of hides is difficult, since the
tanning properties must not be impaired. On therefore attempts to identify
infected skins prior to tanning. This is done by preparing a cold extract of
punched-out samples, which then is subjected to precipitation. The inactivation
of tannery sewage is very difficult since chemical disinfection of the wastes
cannot be carried out. Devitalization of anthrax bacilli to guaranteed only in
the solid tailing of tanneries brought about by composting for 3 months with
addition of quickline. Safety regulations have bean issued in enterprises that
may conceivably handle anthracic material, e.g. the leather and brush industries.
Maritime transport workers must be equipped with nead and neck guards during the
transport of skins.

Prophylactic vaccination of humans, which incorporates grave dangers, must
be actively discouraged.

Experience gained in Hamburg's industries indicates that appropriate education
leads to early treatment of diseased persons. The prognosis is considerably
improved thereby and the duration of illness shortened. However, the necessity
for the reporting and isolation of every case of human anthrax remains unchanged,
since it is inadvisable to keep the patient in his domestic milieu, despite the
improved therapeutic methods currently in use. The dressings of cutaneous lesions,
the sputum of pulmonary patients and the feces and urine, particularly in the case
of intestinal anthrax, must be disinfected.

Pseudoanthrax

Various difficulties exist in coriection with this disorder. Whether it is
to be classed with the zoonoses and whether in clinical relation of pseudoanthrax
to anthrax corresponds to the relationship between paratyphus and typhus, remains
to be solved by further thoroughgoing investigation, as stressed by Vilamowski
and Poppe.

The variability to B. anthracia was observed at the Institute Pasteur as early
as 1883. In addition to small deviations from the classic type, various pseudo-
strains have been grown that differ radically from B. anthracis. These are motile,
strongly hemopeptic even in young cultures, and grow in broth with initial turbidity
and subsequent clearing with sediment and membrane formation. Some of these strains
arc described as &pathogenic (Popp*, Wagner). loshlor elaimed to be ablc to usa the
maouse test in differentiation (pseudostrains are said to be pathogenic only for mice,
and not for larger animals or man). This is contrasted with Schuermann's report of
death resulting from a case of human pseudoanthrax.

Several authors believe the distinct hamolysis in young, 16-hour cultures on
blood agar to be one of the most important criteria of pseudo-strains. Lippelt,
on the other hand, noted hemolysis in two clinically very serious cases of anthrax,
in the presence of all other signs of B. anthracts.

Ascoli's thermoprecipitation similarly cannot be considered a positive
differential-diagnostic measure, since Pasteur vaccines and pseudo-strains
frequently cause greater precipitation than B. anthracis.
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The thermal resistance of pseudoanthrax bacilli usually is greater than that
of the genuine anthrax pathogen.

The differentiation of 5. anthracis or pseudoenthracis. require# a careful
examination of the germs for their variable properties by various methods
(Cillissen and List).

The clinical picture of a pseudoanthrax infection essentially resembles that
of anthracic sepsis, (Poppa) with severe generalized manifestations, heavy local
edema, diarrhea, swellings of the liver and spleen. The diagnosis wasn ascertained
post mortem in most cases. Autopsy revealed pulmonary adeam, hemorrhagic plearitis,
splenic tumor, swelling of the liver, and meningitis.

This clinical appearance ea~geowds approximately to severe anthrecic sepsis.

The litarature to date cantaias no data on the efficacy of anthrax serum in
pseudoanthracic disorders or an penicillin therapy of such Infection&.

illustrations

Fig. I Anthrax bacilli in a lesion smear.

Fig. 2 Anthrax carbuncle en the cheek with a central papillary scab and
surrounding erythema.

Fig. 3 Anthrax carbuncle on the elbow with a central eacim of blackish
color end vasiculation In the peripheral sones.

Fig. 4 Anthrax carbuncle on the forehead with accompanying edama of the
upper lip.

Fig. 5 Anthrax carbuncle on the cheek, 3rd day of illawa prior te
commecement of penicillin therapy.

Fig. 6 The same carbuncle after penicillin treatment 6 days later.

-Fig. 7 Anthrax carbuncle on the elbow, see Fig. 3, with septic distri-
ýbutton an"d favorable restitutien under intense penicillin therspy.

Fig. 8 Anthrax carbuncle an the threat, good recovery under penicillin
therapy. Conspicuously long persistence of anthrax bacilli,
growing with a hemolytic zone, but otherwise revaaling all signs
of the typical anthrax bacillus (Lippolt).
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Vol. 1, pp. 1267-1270
(From W. Volland: Lesions of the Central Nervous Syct~er% Ceused by Wnfctious

Diseases.)

9. Anthrax

Anthrax, an acute Infectious disease occurring as a pronounced occupational
illness and becoming progr'-ssively rarer in Germany and in many other civilized
countries, is accompanied by high-grade bactftremia and general hemorrhagic dia-
thesis. These two characteristics are important for thr- pathogenesis of patbo-
logic-anatomical lesions of the central nervous system, demnstrable at a high
percent rate in connection with anthrax.

Raniorrhagic. anthracic meningitis, first described in 1874 by Wagner. is so
characteristic that it could almost be called specific; for whereas thie liquor
'-a usually frem of blood in meningitides of every genesis, it regulaxly contains

* blood In anthrecic meningitis (Luathy). Macroscopically, the serous-hemiorrtiagic
or frankly hemorrhagic mmningeal exudate which prefers the convexity of the
brain, is seen in pronounced cases As a layer of blood up to 1 ca in thickness,
covering the cerebral surface in the form of a hood (Pe.ce, Vaimann and others).
However, spotty hemorrhages in the region of the soft membranes have also been
observed (Silberbeitg, Martinoff). Microscopically there are frequently con-
siderable asmonts of white blood calls, such as leucocytes, lymphocytes and
macrophages (Wohlvill, Vaimenn), in the region of the arachnoidal ne'-wcork, in
addition to erythrocytes and fibrin, justifying Moore's description of "san~ulaio-
purulent leptomeningitis" in connection vith anthrax. In view of the pronounced
hemorrhagic nature of the inflamation, the vascular lesions are noteworthy
which, demonstrated as early as 188M by Marchand and uaid by Herzog to be present
as a rule, are marked by severe regressive well defects, especially in the
region of the media, including necrosis. Degeneration of muscular fibers pre-
dominat~es. Laceration of the elastica ledad to appearances recalling disse-cted
aneurysms. According to Herzog, the how extravasates develop either per dia-
pedesis or (by laeteratioii of the adventitia) par rhexia. While Herzog ascribes
major responsibility for the occurrence of hemorrhages to the arteries, Bezi*
who does not deny the reality of massive hemorrhages on the base of circumscribed
w.11 necroses of wmall and medium-sized arteries, considers the veins particular-
ly vulnerable owing to their weaker walls and, in cont~rama to Rerro.g, places naa

arrangement of pathogerw in anthracic meningitis described by Wagner In 1874
and by niu-mrous investigators after him, represents a finding in support of this
concept. The anthrax bacilli which may be grown from sanguino lent liquor
(Pette), ma also be demonstrated in histological sections, at times in enormous
amounts. Frequently they are more copious in the hemorrhagi~c exudate than in
the Imains. of rho meningeal and cerebral vessels (Falteuf). Yet, they have been
encountered even here at times, occasionally In large amounce, especially in
connection with leptomeningitis anthracics of hematogenic - metastatic genesis
(Merkel. Nieberle).

While Dezi (1926) estimates that 401 of all fatal cases oi hvmmn anthrax
infection reveal meningeal or intracerebral hemorrhages, Poppa lists the total



mortality of human anthrax at 10-201. According to this author, the lethality
of internal anthrax approaches 1001, that of external anthrax fluctuates between
5 and 35%. Soberuhein claims a variation in anthracic mortality based on
loc~ation and tim. Thus, for inacance, Inglead reported 714 cases during the
years 1910-1920, of which 106, i.e. 14.81, died. In Franca, there were 4r~5
reported a;mes durint the 2aw period with~ 49, i.e. 12.07% fatal terminations,
while 1,175 camse wore reported in Germany during the period lil1-'919, of which
16.11% were lethal, Sir." anthrax is an occupational disease of workers dealing
with~ foreign hiides, ar~-*1~a hair and bristles, infections among children are
extraordinarily rare. Xch described a cose of anthracic =n~niogtis involving a
1-year-old girl. The primary iecus was lacated in the nasal onscous mebrane.
A toy stuffed with h1alre and rAgs containing anthrax apures mes identified as
the cource of infection. A placental anthrax infection observed by Marchand
alse involvrd the central nierveous system. Whereas heretofore ar-threx had been
treated principally vith anthrax earuin, selvarsan and sualfomesides (Poppet).
modern penicillin -:herapy *W,.t to lead to a consderably mote favorable prog-
nosis iu anthrax.

The soft spinal cord inbramas may he affected by hemrrhagic anthinacic
manilugitis ia the same mmusr as the .ninges (Natte, Nieberle). From heazu
the inflammatory process occasionally invades the spinal cz-:rd proper in the
form of mningamiylitis (11edechtel). Nenac. observed a case of anthrax-induced
soningo-e-cephae1mci~tis which had presented an emesphalieyelitic picture
recalling mult iple snlaroais after the abatement of the acute manifesatetions.
onrnata also describes a apinql symptemtology after infection with anthrax,
followed by restoration of health.

Frequaently, but not iuvariebty, hemrrhagic anthrax meningitis is accom-
panied b7 1puactiform cerebral hvemorhap~e localized perivascularly in the
cerebral cortex and a~s* ir- tia basal ganglia and the medullary layer. list.-
logically, the"e involve pred1nanmtly pure hemorrhages (Potte), whereas the
hemorrhAgic exudate ef the "af- wsrasms usually contains capions leucocytes,
as already stress&d. on the ether jand, laucecyten my also be wall represent-
ed intracerebrAlly in %ddi~ iov to erythrocytes, justifying Ush~will mand
Veimame' s essxsnation "hemorrbagic *"covbalitimP* The accompnying injury to
the neural parenchyma generally in ra.a"ively mile, although narve swellings

eAliquefaction as well aa regreselve changes -,.. the &Ila, a.g. amsbid. trans-
fC-%at'on Of th = ;,Z' AVur '_49- U..4-...

As in loptamningitides of efifferaat etiology, the dissemination of anthrax
pathogens in thea soft imeninges als3 takes place either by lymphogenic 'Aftinage
f roe the surrswTrdinAs (Zismke and *i~hers) or metastatically through tho blood
circulation (Aieberle anl othszs), and this happeud so frequently in fatal
cases that a cortaln affiaity of anthrax bacilli for the meaingas hats bean
suggested (;.4elheim and Ksktin), especially since Beal refers to the demon-
stratior. of ,mmuing"t. or Intra--strebral hemorrhages in 1.01 of all fatal cases
,1. anthrax. Unz-11 Ldt-1Thoaagse ab cases of hemorrhagic anthrax meningitis
'iivolyed tva Instances of irhalation anthrax, "Wie the remainiing 4 cases
revealed poxtials of entry on the tonue~ near the cranial cavity, on the cheek,
the upper lip, And the skii of the neck. It is obvious that the hemorrhagic
chtracter of anthra.ci.: vie.a.gitis is tiAd to the general hemorthagenic tendency
of this infectious dig...... Its principal cause indubitably is based on damiage



to the vascular wall Aiich is expressed histologically by iecrosis of the m"I
And its sequels. Personal studies of anthracic guinea pigs carried out with
the collaboration of Arnoldo and Drede demonstrated a positive Rumpri-Leode
phenomenon in support of the'vascular factor," uhich certainly dminated the
cause of bleeding in .bese cases. In addition, the bleedinp time, rhe coagu-
lation time and the prothro'4in time wre prolonged and the number rf platelets
diminished. .hus it was confirmed again that disorders of the hemostatic
reactior are never caused by dysfunction of a single bemostatic factor. Rather,
according to Jurgens, several factors are invariably intvolved, of which the
dominattng one -- in tCis case, the vascular factor -- frequertly determinem
the type of hemorrhagic diathesis.

Concerning the question, in which manner the pathogens attack the vascular
wall, it must be emphasised that the wxia~tnce of anthracic toxins has not
been disproved conclusively, nor has it been verified (Loimnl, Sberaheim and
oLhers). The hypothesis first defended by Teusaint and discussed by Lmnml as
late as 1934, according to which the hemorrhages owe their genesis to bacterial
embolism in the sense of hemorrhagic infarctLion, in view of the occurrence of
occasionally quite massive bactere=ia, cannot withstand the criticism of the
histopathologist; for aside from the fact that the predominantly meningeal
hemorrhages in no way present the picture of air or fat embolism of the brain,
the changes in the nerve cells (which sometimes are relatively mild) tend to
contradict this concept. On the other hand, It seems important to us that
anthrax bacilli have been demonstrated to possess protaolrtic faculties (liter-
ature in B. Schmidt). The massive disesuimntion of pathogens consequently
explains the histiolytic effect on vascular walls, after laerthlein had des-
cribed che "hemopepti& influence of an anthracic strain in 1914, i.e. the
capability to degrade erythrocytes, including their utroma.

Although anthrax bacilli are also pathogenic for our domestic animals
(plant eaters and swine) as well as for rodents used as laboratory animals,
and also evoke a septicemic picture accompanied by bacteremia, splettic swelling
and hemorrhagic eiathesis, hemorrhagic anthrr=ic meningitis does not play the
"mtx roie among animals ai it does in human pathology. Although Nieberle (1925/
26') fails to find references to animal leptomeningitis anthracica in the liters-
.ra, he does not doubt the occurrence of hemorrhagic anthrax meningitis among

cn the basis of reports of capillary bleeding and spotty hemal coagula
•etween the me-ir.rges; =-ýver:he]esa. it is undoubtedly rare- Te min reason
flir t!._s di-ergenr.e fr--i human pathology apparently is the high incidence of
irternal anthrax, especially the intestinal type. isnng domestic animals,
whereas human afflictions are dminated at the r-ate of 28-407, by cutaneous
anthrax localized on the head, throat or neck, i.e. an unprotectod parts, from
which a lymphogenic dissemination toward the neighboring cranial cavity is
easily possible (Foppe). In view of the fact that human hemorrhagic anthrax
meningitis may also develop hematogenic~illy from a primary fecus in the region

of the digestive tract (Rtsel) or by inhalation (Kreisel, Poelschau, Drodzda),
it should be stressed that hematogenic cerebral metastases and cerebral emboli
are rare in animals when compared to man, primarily because the mall size of
animal brains in comparison to the remaining parts of the head requires a
different distributi~n of arterial blood than that found in man and, conse-
queutly, a different distribution of introduced emboli (Joest). Moreover,
inhalation anthrax way &a-- induce a primary focus in the nasal r•cion, so

3.



that this mode of infection could also cause muingitis through lymphOeSncL
disseminatio" of pathopes.

Finally, mention should be made ef anthrax a em of tbase Lnfectieus dis-
eases that may be followed by pachymaingitis (pachymninipnsis) bmwnrhagica
interns (Putte). Still, the positive dalineation of this disor~ar of the dura
mater against the subdural hinrrhas8 associated with sathrax, where these
occur only as a symptom of general iemorrhagic diathesis, will be difficult in
Same cases.

4.
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Anthracir mniBAlitis (meningitis anthracica)

(From H. Petle: Pachvmeningitis and leptomeningitis.)

Anthracic meningitis is an inflammatory disorder of the soft cerebral and
spinal cord membranes characterized by very extensive hemorrhages within the
arachnoidal spaces. The hemorrhagic inflammation, which may lead to profuse
spotty bleeding, is localized predominantly in the cerr-ral convexity and in
very severe cases resembles a red hood superimposed on the brain.

The first case of anthracLc meningitis was reported by Wagner in 1874.
This was followed by additional cases presented by Paltauf, Marchand, Merkel,
Goldschmidt, E. Fraenkel. In 1913 Fr. FulcL collected the material, scattered
throughout the literature, into a comprehensive paper and added a very
thoroughly studied case of his own.

Wohlutll found in the cases studied by him that red and white hemal elements
were represented in equal parts in the region of the Inflammatory meningeal
lesions. The situation was different in the cerebral substance, where pure
hemorrhages generally predominated; these do not occur in the manner of Annular
hemorrhages, but fill the strongly dilated lymph sheaths under considerable
pressure. Since the main concentrations of parenchymal lesions are located in
the cortex, the basal ganglia and the medullary layer, it must be assumed with
WohlwLll and other authors that the pathogens enter the brain by the lymphatic
route.

Marchand determined as early as 1885 that the entire vascular wall may
disiaitegrate due to necrosis and purulent inflammation. Necrosis is probably
caused by the toxins of anthrax bacilli located in massive proportions in the
soft membranes. Herzog considered the extensive meningeal hemorrhages a sequel
to a severe disorder of the vascular media. Identical investigations led Bezi
to the conclusion that profuse bleeding in the meningeal region sets in only
wh-!' anthrax bacilli have undergone massive reproduction in the vascular lymph
sheaths and the lymph spaces of the membranes.

Meningitis is so frequently seen in fatal cases of anthrax that Adelheim
and Kaktin assume a certain affinity of the anthrax bacillus for the meninges.

Briefly noted, the pathogen of anthrax may enter the organism and, con-
sequently, the meninges by various routes: 1. by penetration from small
cutaneous woundi. 2. by swallowing (intestinal anthrax), and 3. by inhalation

(pulmonary anthrax). Of theme forms, cutaneous anthrax is most prevalent.

The !linical picture of anthracic meningitis agrees with the anatomical
situation, provided the manifestations of ,eningeal irritation based or. diffuse
meningeal bleeding develop within a short period of time and soon lead to death
under deep disturbances of consciousness.
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4. Antiracic oneumonia

(From A. Lauche: Inflamsnations of the lung and pLeura)

An anthracic infection of the lung has great similarity to the picture of
pulmonary plague. In the case of Anthrax we must also differentiate b-tveen an
infection via the skin 'pustula maligns) and '.•halation anthrax (K. Fraenkel,
Nh1. We are concernod i,-'mrlly with inhalation anthrax, "woolsorteis"
or "raE" disease (Paltauf, Eppinger). E.Fraenkel emphasizs. in his rLcently
published paper on inhalation anthrax that the primary infection frequently takes
place in the bronchial mucous membrane, preferably at the point of bifurcation.
From here it wanders to the glands of the hilus and evokes in these an heorrhagic-
necrotizing inflamtion quite similar to that associated with the foci of plague.
The pulmonary tissue proper is not necessarily attacked at the start. For this
reason E. Fraenkel speaks of inhalation anthrax and not of pulmonary anthrax.
Pulmonary anthrax is involved only when pneumonic foci are actually present in
the lung, which is frequently, but not invariably, the case in inhalation anthrax.
According to E. Fraenkel, the pneumonic foci in the lungs develop by aspiration
from the primary bronchial foci, and only rarely by the hemal or lymphatic route
in the manner accepted heretofore.

The anatomical picture of anthracic pneumonia is very similar to the fivi~ngs
in pneumonic plague. Anthracic foci are also marked by a tendency to hemorrhages
and disintegration (Eppinger, Paitauf). As in pneumonic plague, the hilus glands
are greatly swollen and show hemorrhagic-necrotizing inflammation (E. Fraenkel).
This conspicuous involvement of the lymph glands will first suggest an anthracic
disease during section. In addition, serous or hemorrhagic pleuritis is present
in many instauces.

The histological appearance of anthrax yneuponia also resembles pneumonic
plague very closely, with the exception that numerous anthrax bacilli are found
instea.d of plague bacilli, even though in smaller numbers. They are particularly
well representable and distinct with Weigert's fibrin stain (Fig. 36). The
exudate contains copious fibrin more frequently than in pneumonic plague. Accord-
ing to E. Fraenkel and Raye, the anthrax bacilli aic capable of inducing "croupous"
!nf lam farions in tkte bmnchi that are analogous to the pseudo-embranes of
diphtheria. In the pneumonic anthrax material made available to me by Professor
Fraenkel, the fibrinous exudate predominates in many foci. Other foci are cellu-
lar; no hemorrhagic areas were seen. Although the material was difficult to
stain, probably due to late fixation after death (the rapid putrefaction of
anthracic corpses is well known, Paltauf, Sobernheim), the anthrax bacilli were
favorably depicted. They were found in copious quantities both in the alveolar
walls and the fibrinous masses of exudate. I was unable to determine the extent
to which a post-mortal reproduction was involved, since no fresh material was
available to me owfng to Professor Fraenkel's death in the meantime, and none
could be obtained from other sources. Cases of anthrax, especially Inhalation
anthrax, have become rarer in Germany and there will be few opportunities for
differential-diagnostic considerations in order to arrive at an identification



of anthrax, plague or influesaa during dissaction with a medicu. of probability.

Under no circumstances can a positive diagnosis be nde from the microscopic
appearance, since all three diseases my be mrked by hrrhagic and aserotizing
inflnmotory processes; a• cthroe ae asio accompanied by severe svelling and
frequently hemorrhagic inflaintion of the bronchial glands. Ner0over, Kuczynski
and Wolff state that the degenerative foz -a of streptococci, osten found in
influenza, are extraordinarily similar to the involution fPou of the plagsm
bacillus. This is valid also for anthrax bacilli (ne 71g. 36). These my also
davelop club-shaped and irregular rods. The aicroscyie exYaUnatien of the
pulmonary tiasma proper will permit a decisLon in aent caw&# aim* a large
number ef pathogens usually are still wall preserved ad allew am identification
even by bacteriescopic mans. 3i caes, honver, my y1eld final clarification
only through the aniinl test. CoscarALng the difficulties encomntered in dif-
fereatial diagnosis between anthrax, plague and Linlunssl puameala an am hand,
and war gas pumonias on the other, I refer the reader to tin description of war
sa pmonanias (p. 817).
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